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Single Phase Transformer | C» owe \ 


Home work # 2 


1. A 3000/200-V. 50-Hz. 1-phase transformer is built on a core having an effective 


is 


cross-sectional area of 150 cm? and has 80 turns in the low-voltage winding. 
Calculate i i 

(a) The value of the maximum flux density in the core. 

(b) The number of turns in the high-voltage winding. 


. А 3300/230-V 50-Hz 1-phase transformer is to be worked at a maximum flux 


density of 1.2 Wb/m? in the core. The effective cross-sectional area of the 
transformer core is 150 cm?. Calculate suitable values of primary and secondary 
turns. ali | , 


. А 40-kVA, 3300/240-V. 50-Hz, 1-phase transformer has 660 turns оп the 


primary. Determine 

(2) The number of turns on the secondary. 

(b) The maximum value of flux in the core. 

(c) The approximate value of primary and secondary full-load currents. 
Internal drops in the windings are to be ignored. 


. A double wound, 1-phase transformer is required to step down from 1900 V to 


240 V, 50-Hz. It is to have 1.5 V per turn. Calculate the required number of 
turns on the primary and secondary windings respectively. The peak value of 
flux density is required to be not more than 1.2 Wb/m^. Calculate the required 
cross-sectional area of the steel core if the output is 10 КУА calculate the 
secondary current. | 


. The no-load voltage ratio in a 1-phase. 50-Hz, core-type transformer is 1200/440. 


Find the number of turns іп each winding if the maximum flux is to be 0.075 Wb. 


. A 1-рһаве transformer has 500 primary and 1200 secondary turns. The net 


cross-sectional area of the core is 75 cm’, If the primary winding be connected to 
a 400-V, 50-Hz supply calculate. 

a) The peak value of flux density in the core. 

b) Voltage induced in the secondary winding. 
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area of 5 cm x 5 cm. Neglect the reluctance of the core ami fringing. 
a. Find the coil inductance if the air gap length is 0.5 cm. 
b. Find the field energy stored for a coil current of . e 
£ 125A. 

x ' c. Coil current remain constant at 1.25 A. find the 
mechanical energy output based on field energy 
change when tbe armature moves to a position 

| for which х= 0.25 cm. Assume slow movement of 

| armature. | 
2% 4. Repeat (c) based on force calculation and 

mechanical displacement. | 
. What will be the change in the mechanical work done, if the mechanical 
' movement is fast, keeping the flux initially constant. 


c?‏ ر 
A Slindrical rotating machine has the following data tL? J NW‏ .2 





Stator resistance = 40 Q Stator self-inductance = 0.16 H 

Rotor resistance = 2 (2 Rotor self-inductance = 0.0440.02 cos20 ` (1%? 
Mutual inductance - 0.08 cos 0 "dt: 

Where 0 is the space angle between axes of rotor and stator coils. The rotor revo | 

a speed of 100 radian / sec. For is = 10 A (D. C) and ir = 2 A (D.C), obtain an expression or 

torque and corresponding electrical power. 
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ELECTRICALI MACHINE I HOME WORK FOUR 
SPRING 2016 Dr MUSTAFA AL-REFAI 
A < ~ ^ 
TRIPOLI UNIVERSITY 
FACULTY OF ENGINEERING 
ELECTRICAL AND ELECTRONIC DEPARTMENT 
EE 352 5 2016 
HOME WORK FOUR 
PROBLEM 1: i š 


Calculate the percentage voltage drop for a transformer with à percentage resistance of 2.5% and a 
percentage reactance of 5% of rating 500 КУА when it is delivering 400 kVA at 0.8 p.f. lagging.. 


PROBLEM 2: 

Obtain the equivalent circuit of a 200/400-V, 50 hz , single phase transformer from the following test 
О.С. test : 200V ‚0.7 A,70W — on hv.side 

S.C test :15V 104,85W —on hvside зе“ - 

Calculate the secondary voltage when delivering 5 Kw at 0.8 p.f. lagging, the primary voltage being 
200V. ` 


data. 


— 


PROBLEM 3 : | 

Consider a 20 КУА, 2200/220V, 50Hz transformer. The O.C /S.C. test results are as follows: 
OC test : 220V ,4.2 A.1481V (I.v.side) 

S.C test : 86V,10.5.4,360W (hv-side) 

Determine the regulation at 0.8 p.f. lagging and at full load. What is the p.f. on short-circuit? 


PROBLEM 4: 
A 250/500-V transformer gave the following results test results: 


S.C.: with low — voltage winding.S.C.: 20V.12 A;100W 
OC test : 250V,14,80)W. onlow — voltage side. 


Determine the circuit constants; insert these on the equivalent circuit diagram and calculate applied 
voltage and efficiency when the output is10A at 500 volt and 0.8 p.f. lagging. 


PROBLEM 5: 
A short circuit test when performed on the low voltage side of a 10Куа, 2000/400V single phase 


transformer gave the following data : 60V,44,100)/ Ifthe Lowe voltage side is delivering f.l. 
current at 0.8 p.f. lag and at 400У, find the voltage applied to the high voltage side. 








erase. ~ w... соғылма.“ nt! oh 7 o> 


PROBLEM 6: | | | 
А 11000/230 V, 150КУА, I-phase, 50-Hz, transformer has core loss of 1.4 kW and F.L. cu loss of 1.6 


kW. Determine. 
(i) The k VA a load for max efficiency and value of max, efficiency at unity p.f. | 
(ii) The efficiency at half F.L. 0.8. p.f leading | 
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SPRING 2016 Dr. MUSTAFA AL-REFAI 
а e a к ~ 
% drop = RU cosg | AX) sing 
As 1, 
Where T is the full-load current and 7 the actual current . 
%агор کے‎ (Vo R)kW " (YX )k VAR | À г” 


| kVArating КУАК rating 
In the present case ,k W= 400x0.8 =320andk VA = 400x0.6 = 240 


2.5х320 5x240 
P 00 80 77” 


SOLUTION OF PROBLEM 2: 
From O.C. Test 


М1, cos ¢, = W, 
200x 0.7 x cos ó, = 70 
cos g, = 0.5 and sin ó, = 0.866 
I, = I cosó, 20.7x0.5 = 0.35 A 
I, =I, sind, = 0.7 x 0.866 = 0.606 4 
R, =V,/1, = 200/0.35 = 571.4 О 
X, =V, / L, =200/0.606 =330 Q 


AS shown in Fig . 30.48 , these values refer to primary i.e. low — voltage side . 
From S.C. Test 


It may be noted that in this test , instruments have been placed in the secondary i.e. high — voltage 
winding whereas the low — voltage winding i.e. primary has been short - circuit . 
Now , as shown in Art . 30.22 


Lo2 = Vse f I =15/10=1.5Q ; K=400/200=2 
Жы =Й ы! К =15/4=03750 


Also IR = И ; Ко = 85/100 = 0.850; Ro, = Ry К? =0.85/4-021 Q 
Xo, = 4 Zoi Rn —40.375^ -021? -0.210 
Output k VA = 5/0.8 ; Output current 7, = 5000/0.8x 400 215.6 4 


This value of 7, is approximate because V, (which is to be calculated as yet ) has been taken equal to 
400 V (which, in fact, is equal to E, or oP, ). 
Now, 2а 21,50, Ry=O85Q AX VLE -085* «124Q 
Total transformer drop as referred to secondary 
= (Ro cos d, + Xo, sing, ) 215.6(0.85x 0.8 + 1.24 x 0.6) = 222 V 
V, = 400 — 22.2 =377.8 V 


tJ 
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SOLUTION OF PROBLEM 3: 


It may be noted that О.С. data is not required in this question for finding the regulation 
Since during S.C. test , instruments have been placed on the h.v. side i.e. primary side . 


Za =86/105=8.19Q ; А, =360/10.5? 23260; 
Xo, = 48.191 2326? 2750. 

F.L. primary current, 7, = 20,000/2200 = 9.09 4 
Total voltage drop as referred to primary — I, (RS, cos ¢ + X, sin 0) 
Drop = 9.09(326x 0.8 4- 7.5x 0.6) = 64.6V 
% age герп. = 64.6x 100/2200 = 2.9% , p.f. on short circuit = А, /2, = 3.26/8.19 = 0.4 
SOLUTION OF PROBLEM 4: 
Open — circuit Test : 

VI, cos ¢, = 80 -. с050, = 80/250х J = 0.32 

I, = 1,созф, =1х0.32=0.324, І, = (1? –0.322) = 0.95 4 
R, =V,/1, = 250/0.32=781.3Q , X,=V,/1, =250/0.95 = 263.80 


Short — circuit Test : 
As the primary is short — circuited , all values réfer to secondary winding . 


hort —crcui 
R= short — crcuit power _ 100 _ СОО 





F.L.secondarycurrent 127 
Zon = 20/12 =1.667Q2 ; X,:—40.667^ — 0.6947) = 1.5182 
As R,and .Y,refer to primary , hence we will transfer these values to primary with the help of 
transformation ratio . 
К = 500/250 = 2 R = R, К? = 0.694/4 = 0.1740 
Xo, = X,,/ K? =1.518/4=0.38Q ; 2,-2,/К? -1.667/4- 04170 
The equivalent circuit is shown in Fig 30.53 . 


Efficiency | 
Total Cu loss = hA = [00x 0.694 = 69.4 W; Iron loss = 80 W 
5000 x 0.8 x 100 
= +80 = 149.4 W .,7 = —— D AT = 96.42 % 
Total loss = 69.4+80 = | 7 4000.3 149.À 
The applied voltage V, is the vector sum of V and 7,Z,, as shown in Fig . 30.54. 
J 204 ; ДА, = 20х0.174 = 3.84 И ; I, X,, = 20х 0.38 =7.6V 


! 
Neglecting the angle between V and V, , we have 


22 ы 
V OC! «ON? + МС? = (ОМ + MN)! + (NB + BC)? 
= (250) х 0.8 4 3.48)? + (250 x 0.6 4.7.6)! 
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PROBLEM 1: ” à 

The primary and secondary voltages of an auto-transformer are 500 V and 400 V respectively. Show with the aid of a | 

diagram, the current distribution in the winding when the secondary current is 100 A and calculate the economy of Cu in 

this particular case. 

PROBLEM 2: 

Determine the core area , the number of turns and the position of the tapping point for a 500-kVA , 50-Hz , single —phase , 

6,600/5.000-V auto-transformer , assuming the following approximate values : e.m.f. per tum 8V . Maximum flux density 

1.3 Wb/m `. 

PROBLEM 3: | 

For the 20-КУА, 2400/240-V two-winding step-down transformer, (a) connected as ал auto — transformer with additive 

polarity (d) compute 

(1) Original current capacity of HV — winding. 

(11) Original current capacity of LV winding. 

(iii) K VA rating of auto -transformer using current capacity of LV winding as calculated in (ii) above . 

(iv) Per cent increase in k VA capacity of auto — transformer as compared to original two-winding transformer . 

(v) Values of J, and 7, (d) from value of J, used in (iii) above. 

(vi) Per cent over load of 2400-V winding when used as an auto-transformer. 

(vii) Comment on the results obtained. 

PROBLEM 4: 

А 3-phase, 6,600/415-V, 2,000-k VA transformer has a per unit resistance of 0.02 and a per unit leakage reactance of 0.1. 

Calculate the Cu loss and regulation at full-load 0.8 p.f. lag. 

PROBLEM 3: 

A 120-k VA, 6,000/400-V, Y/Y, 3-ph, 50- Hz transformer has an iron loss of 1,600 W. The maximum efficiency occurs at 
1 34 full loads. 

Find the efficiencies of the transformer at 

(1) full-load and 0.8 power factor (ii) half-load and unity power factor. 

(iii) The maximum efficiency. 

PROBLEM 6: ; 

A 3-phase transformer, ratio 33/6.6-k VA, А / Y , 2-MVA has a primary resistance of 8Q per phase and a secondary 

resistance of 0.08 ohm per phase . The percentage impedance is 7%. Calculate the secondary voltage with rated primary 

voltage and hence the regulation for full-load 0.75 p.f. lagging conditions. 

PROBLEM 7: 

A 3-phase transformer has its primary connected in A and it's secondary in Y. It has an equivalent resistance of 1% and an 
$ equivalent reactance of 6%. The primary applied voltage is 6,600 V. What must be the ratio of transformation in order that 
| it will deliver 4,800 V at full-load current and 0.8 power factor (lag). 

PROBLEM 8: 

A 2000-k УА, 6,600/400-У. 3-phase transformer is delta — connected on the high voltage side and star — connected on the 

tow — voltage side. Determine its % resistance and % reactance drops, % efficiency and % regulation on full load 0.8 p.f. 

leading given the following data: 

S.C. test; H.V. data: 400 V, 175 A and 17k W 

O.C. test; L.V, data: 400 V, 150 A and ISK W "Jon 
| 
| 
š 


Scanned by CamScanner 





I” 


+ Pom ORT DPE . Fm OED PERPA mm... AA D INE GAAN о AD W A... 


` “ % YID На ua nn * LU ы» 4: emo w> ORAS LL ©. С В `... = I Ша. A oy afe to a IIl ay! ДАА e me уз! = „ ct Uu у 
ж с ure 7 з м we 9л АГА 08 14+ “an ` > 





— 2 paces AE e 0 чм» wasa co PLUS Uu s Tat Lom a RR. m tc meg APR ne Roco ccce ts RR dme fn. ono f. p. omes мағ”, BTR ROT TINI T EDIT Qo T... s. 
ی‎ то» 

> 

š 

% 


e 


wa... g... dps (o ioquit or Moo apo! ie P ae | 2. e IO OAD ЛУ (oo 20 0 hoe qe BS a eii e prx Fr vifa wet 
* 








ELECTRICAL MACHINE 1 HOME Woh НУР: 
SPRING 2016 Ir MUSTAFA AL МРРАЈ 
, Ld PERPE 
Р —— Í... i$ git каннан e Rs i| ' ` @ 


SOLUTION OF PROBLEM 1: 
K = V, /V, = 400/500 = 0.8 
I, = KI, =0.8x100 = 804 
The current distribution 


Saving = АТУ, = 0.8W, — Ar1.30.33 


“җ E . a е кете eh 4 
mea Xn Percentage saiving = 0.8%e0023;80.._. É 


SOLUTION OF PROBLEM 2: 
E = 4.44 fD N volt 


т 


EIN 8 
“”- = — Қоң 0.03604 Wb 
4447  444x50 


Core area = 0.03604/1.3 = 0.0277 m 2 = 277 cm 

Turns of h.v. side = 6600/8 = 825 ; Turns of I.v. side = 5000/8 = 625 

Hence, tapping should be 200 turns from high voltage end or 625 turns from the common end, 
SOLUTION OF PROBLEM 3: 


(i) J, = 20x10? /2400 = 8.33 A 
(ii) 7, =I IK = 8.33х10 = 83.3A 
(iii) k VA rating of auto-transformer V, T, = 2640 x 83.3 x | 0^? = 220k VA 


220 
(iv) per cent increase in k VA rating = "x, x 100 = 1100% 


(v) 7, -220х 10° /2400--91.7А, I =Í —L,= 91.7 — 83.3 =8.4 A 
(vi) Per cent overload of 2400 V winding = 8.4x100/8.33 = 100.8% 
(viii) Asan auto — transformer, the K VA has increased tremendously to 1100% of its ойр унйн with LY collat its 
rated current capacity and HV coil at negligible overload i.c. 1.008 x rated load , 
SOLUTION OF PROBLEM 4: 
Culoss 





x100 





As seen, % R = % Cu loss = 


Culoss 
Now, %R = 0.02 x 100 = 2% Pb dz 2.000 x100  .. Cu loss = 40 kW 





Now, percentage leakage reactance = 


regn. = v, cos + v, sing = 2x0.8-- 10x 0.6 = 7.6% 
SOLUTION OF PROBLEM 5: 


Since maximum efficiency occurs at % full-load, Cu loss at % full-Ioad equals iron of Toss of 1.600 W 


Cu loss at 1⁄4 F.L. = 1.600 W; Cu loss at F.L, = 1,600x (4/3)? = 2,845 W 
(i) F.L. output at 0.8 p... = 120x 0.8 = 96 k W =96,000 W 
Total loss = |.600+ 2.8457 4,445 W 
96,000 | 
n = ——— x 100 = 95.57% | 
100,445 | 
(ii) Cu loss at % full-load = (1/2)? x 2,845 = 7101 | 
Total loss = 74041,600=2310 W | 
i 
Ё 
Ë 
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“. Z =~ ^ 
| 60,000 
Output at %4 F.L. and u.p.f. is = 60 k W = 60,000 W; 7 = mA x100 = 96.3% 
(iii) Maximum efficiency occurs at 34 full-load when iron loss equals Cu loss . 
Total loss = 2x1,600 = 3,200 


Output at up.f. = (3/4)x120 290 k W 790,000 W 


Input | = 90,000+3,200= 93,200 W ..= n x100 =96.57% ` 








5 





25105 
УЗ x 6.6x10? 
K = 6.6/3 x 33 21/8.65; Ry, = 0.08 + 8/8.65 = 0.18670 per phase | 


i 7 6,600 
Now , secondary impeadance drop per phase = — X 9 


100 ,/ 


2.2 = 266.71175 = 1.5230 рег phase 
E – Ко = \/1.5232 — 0.1867? = 1.510 /phase 
Drop per phase = T, (Ro, соѕф + X; sin 9) = 175(0.1867 х 0.75 + | .51x 0.66) = 200V 
Secondary voltage/phase = 6,600 / 43 = 3,8107 ~. V, -—3,810— 200 = 3,6107 
`. secondary line voltage = 36,10x J3 = 6,250 V 
% regn.» 200x100/3,810 = 5.23% 
SOLUTION OF PROBLEM 7: 


Percentage regulation = v, cos Ø + v, sing = 1x 0.8 + 6x 0.6 = 4.4% 


Induced secondary e.m.f. (line value ) 
= 4.800 +4.4 96 of 4,800 = 5,010 V 


Secondary phase voltage = 5,010/ 43 = 2,890 V 

Transformation ratio 

К = 2,890/6,600 = 0.437. 

SOLUTION OF PROBLEM 8: 

From S.C. test data , we have 

Primary voltage / phase- 400 / J3 = 231 V ;Primary current /phase = 175/ J3 21004 
5 ба TASI ODS 2.310 


Now 122, = 17,000/3 or Ro, = 0.5670; Х, = V2.31? - 0.567? 2240 


F.L. secondary current = 


=175А 





= 266.7V 











БЕСІ, VE а ораннар A ейік pam 32е > RTE A AEA ONAL VA PATI aT LOL esa hr PI N E 


ofp a ПЕм пор = 10020-67, DO 0:86 
| 6.600 
") 

oft us ion 400-0022) 19) = 3,4 
7 6.600 


берп. = V, cosg — v, sinó = 0.86» 0.8—3.4x 0.6 = -1.34% 
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PROBLEM 1; 
A magnetic circuit with a single air gap is shown in Fig.1. The core 
dimensions are: 

Cross-sectional area Ae = 1.8 x 10° m° 

{гап core length /, = 0.6 m Т 

Gap length g = 2.3 х 10? m 

N = $3 tums Fig. 1 
PROBLEM 3: 
Assume that the core is of infinite permeability ( и — œ ) and neglect the effects of fringing fields at 


the air gap and leakage flux. (a) Calculate the reluctance of the core К, and that of the gap R, . For 


a current of i= 1.5 A, calculate (b) the total flux ¢, (c) the flux linkages A of the coil, and (d) the сой | 
inductance L. 





PROBLEM 2: 

Consider the magnetic circuit of Fig..1 with the dimensions of Problem 1.Assuming infinite core 
permeability, calculate (a) the number of turns required to achieve an 

inductance of 12 mH and (b) the inductor current which will result in a 

core flux density of 1.0 T. 


PROBLEM 3: 
The inductor of Fig.2. has the following dimensions: 
4¢ = 1.0 cm” 





N = 480 turns Fig 2. (5 Uu 
Neglecting leakage and fringing and assuming д, = 1000, calculate the inductance. 
PROBLEM 4: 
The inductor of Problem 1.13 is to be operated from a 60-Hz voltage source. (a) Assuming 
negligible coil resistance, calculate the rms inductor voltage corresponding to a peak core flux 
density of 1.5 T. (b) Under this operating condition, calculate the rms current and the peak stored 
energy. 


PROBLEM 5: 

A square voltage wave having a fundamental frequency of 60 Hz and equal positive and negative 
half cycles of amplitude E is applied to a 1000-turn winding surrounding a closed iron core of 
E x 10 m cross section, Neglect both the winding resistance and any effects of leakage 

ux. 


(a) Sketch the voltage, the winding flux linkage, and the core flux as a function of time. | 
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(b (b) Епа the maximum permissible value of E if the maximum flux density is not to 
exceed 1.15 T. 


PROBLEM 6, 

A laminated soft iron of relative permeability 1000 has a mean circumference of 800 mm and a 
cross-section area 500mm? . A radial air-gap of 1 mm width is cut in the ring which is wound with 
1000 turns . Calculate the current required to produce on air -gap flux of 0.5mWb if leakage factor 
is 1.2 and stacking factor 0.9 . Neglect fringing . 

PROBLEM 7. 

i A mild steel ring of 30 cm mean circumference has a cross-sectional area of 6 cm? and has à 
winding of 500 turns on it . The ring is cut through at a point so as to provide an air-gap of | mm in 
the magnetic circuit . It is found that a current of 4 A in the winding , produces a flux density of 1 T 
in the air — gap . Find (i) the relative permeability of the mild steel and (ii) inductance of the т” 
winding . 

PROBLEM 8. 
An iron ring 30 cm mean diameter is made of square iron of 2 cm x 2 cm cross-section and is 
uniformly wound with 400 turns of wire of 2 mm? cross-section. Calculate the value of the self- 
inductance of the coil. Assume p = 800 
PROBLEM 9. 
If a coil of 150 turns is linked with a flux of 0.01 Wb when carrying current of 10 A, calculate the. 
inductance of the coil. If this current is uniformly reversed in 0.01 second, calculate the induced 
eltromotive force. | 
PROBLEM 10. : 
An iron rod, 2 cm in diameter and 20cm long is bent into a closed ring and is wound with 3000 
turns of wire. It is found that when a current of 0.5 A is passed through this coil, the flux density in 
the coil is 0.5 Wb/ m? Assuming that all the flux is linked with every turn of the coil, what is (а) 
B/H ratio for the iron b) inductance of the coil ? What voltage would be developed across the coil if 
the current through the coil is interrupted and the flux in the iron falls to 1096 of its former value in 
0.001 second ? 
PROBLEM 11. 
A circuit has 1000 turns enclosing a magnetic circuit 20 cm? in section. With 4 A, the flux density 
is 1.0 Wb/m?^ and with 9 A, it is 1.4 Wb/ m? . Find the mean value of the inductance between these 
current limits and the induced e.m.f. if the current falls from 9 A to 4 A in 0.05 seconds. 
PROBLEM 12. 
Adirect current of one ampere is passed through a coil of 5000 turns and produces A flux of 0.1 
mWb. Assuhnng that whole of this flux threads all the turns, what is the inductance of the coil ? 
What would be the voltage developed across the coil if the current were interrupted in 107 second 
2 What would be the maximum voltage developed across the coil if a capacitor of 1OuE were 
connected across the switch breaking the d.c. supply ? 
PROBLEM 13. 
(a) A coil of 1000 turns is wound on a torroidal magnetic core having a reluctance of 10° AT/Wb. 
When the coil current is 5 A and is increasing at the rate of 200 A/s, determine.(i) energy stored in 
_ the magnetic circuit (ii) voltage applied across the coil Assume coil resistance as zero, 
222 (b) How are your answers affected if the coil resistance is 20Q, 
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Two identical coils X and Y of 1,000 turns each lie in parallel planes such that 8076 of flux 
produced by one coil links with the other. If a current of 5 A flowing in X produces a flux of 0.5 
mWb in it, find the mutual inductance between X and Y. 

PROBLEM 15. 

A long single-layer solenoid has an effective diameter of 10 cm and is wound with 2500 AT meter. 
There is a small concentrated coil having its plane lying in the centre cross-sectional plane of the 
solenoid. Calculate the mutual inductance between the two coils in each case if the concentrated 
coil has 120 turns on an effective diameter of (a) 8 cm and (b) 12 cm. 

PROBLEM 16. ш 

A flux of 0.5 mWb is produced by a coil of 900 turns wound on a ring with a current of3 A in it. 
Calculate (i) the inductance of the coil (ii) the e.m.f. induced in the coil when a current of 5 A is 
switched off, assuming the current to fall to zero in I milli second and (iii) the mutual inductance 
between the coils, if a second coil of 600 turns is uniformly wound over the first coil. 

PROBLEM 17. 

If a coil of 150 turns is linked with a flux of 0.01 Wb when carrying a current of 10 A; calculate the 
inductance of the coil. If this current is uniformly reversed in 0.1 second, calculate the induced 
e.m.f. If a second coil of 100 turns is uniformly wound over the first coil , find the mutual 
inductance between the coils 

PROBLEM 18. _ I 
Two coils having 30 and 600 turns respectively are wound side-by-side on a closed iron circuit of 
area of cross-section 100 sq. cm. and mean length 200 cm. Estimate the mutual inductance between - 
the coils if the relative permeability of the iron is 2000. If a current of zero ampere grows to 20A in 
a time of 0.02 second in the first coil, find the e.m.f. induced in the second coil. 

PROBLEM 19. | | 

Two coils А and B each having 1200 turns are placed near each other. When coil B 15 open- 
circuited and coil A carries a current of 5 A, the flux produced by coil A is 0.2 Wb and 30% of this 
flux links with all the turns of coil B . Determine the voltage induced in coil B on open-circuit when 
the current in the coil А is changing at the rate of 2 A/s. 


3 A 
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SOLUTION OF PROBLEM 1 : 
i в ب‎ aa 1.017210" АЛУЫ 
М Қаз SA ame ғ дй, 4r x107 x1.8x10 


= = — = 1.224107 Wb 
O ¢ R, +R, 1.017x10° 


(с) A=N¢=1.016x107 Wb 


2- 
mH‏ 6.773= لے ےے ر )4( 
‘ 1 


SOLUTION OF PROBLEM 2 


2 
(a) Le - 12x10" mH = Nes4l2x10?x1.0017x105 2110.47 = N 110 turns 











£ 
(b) 
В,-В,-10Т = ó$-B,4,-1.8x10* Wb 
-3 
КҮЛЕР 110х1.8х107 PTT 
L L 12x10 
SOLUTION OF PROBLEM 3 
E. A=N¢=NB,A, 
І 
В В 
mmf equation: Hl, +H l =Ni > —* e іы. 
Е _ _ Ni L- МА, 4лх10” x480 x10" _ 
due, = g*(L/u,) ” g*(L/u) (|0.08--(15/1000)|х107 NUN 
SOLUTION OF PROBLEM 4 
(a) 
«0 = = NA, 4. В, = Bux singt => v(t)=@NA.B.,, COS wt 
NAB, = l (am х60)х480х10* x1.5- 192 V 
2 2 
(b) 
р -УшеһбА W, =, = 4%30.477 «107 x (V2 x167)! = 85.0 mJ 
mol è peak 9 рей” 2 - i тт 
SOLUTION OF PROBLEM 5 А voltage 
(a) / k له‎ 
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(b) 


(0-44 = А = [erat = E o m Cm) ауд, = JN, m AINA Dg 


— Е-4х60х1000х1,25х107 x1.15 = 345 V 


SOLUTION OF PROBLEM 6. 
o, + p, 
ША, Hok, A,B 
Now , air -gap flux Ф, = 0.SmWb = 0.5107 Wb, /, =1mm =1x10°m ; A, = 500mm 
= 500 x 1075 m? mE 
Flux in the iron ring, Ф, 21.2x0.5x107? Wb 
Net cross-sectional area = A, x stacking factor = 500 x10% x0.9m Р 
0.5х107 х1х107 1.2x0.5x10? x800x107 |2,4 
4z x107 x500x1075 4лх107 x1000 x (0.9 x 500x107) 
z, І =1644/1000 = 1.64 A 
SOLUTION OF PROBLEM 7. 
(а) Steel ring 
Н = В! mu, =1/47 x107 xu, AT lm = 0.7957 x10 / u, AT / m 
m.m.f. = H xi = (0.7957 x10? / u,)x29.9x107? 2.2379 x10" / u, AT 
(b) Air-gap 
H = Від, =1/4л x107 = 0.7957 x10" AT/m 
m.m.f. геда. = H x1 = 0.7957 x 10° x (1x107) = 795.7 AT 
Total m.m.f. = (0.2379 x10* / д„) + 795.7 
Total mmf available = NI = 500x 4 = 2000 AT 
() 2.2000 = (0.2379 x 10° / u,) + 795.7 “. И, 2197.5 
(ii) Inductance of the winding = A = REM = 500х1х6х107 = 0.075 Н 


I I 4 
SOLUTION OF PROBLEM 8. 
L-2g,H,AN? |l here N =400;4=2x2 = 4cm? = Ax10* m* ;1 = 0.37; ui, = 800 
L =42x107 х800х4х107 x (400)? /0.3z = 68.3mH 
Note : The cross-section of the wire is not relevant to the given question. 
(iii)) Athor Method for L 


i=? % ‘Mint! FF NOS 





Total АТ reqd. = Ф,8, + ,S, = 


. total AT reqd. = 





Differentiating both sides, we get ~ < (No) = -LF (assuming L to be constant); 
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I dh жне ә 5 - gant 
-N P self-induced e.m.f. is di 
It = 1 ampere/second and e, = 1 volt, then L = 1H 
( 


| Hence, a coil has a self-inductance of one henry if one volt !s induced in it when current through it 
| changes at the rate of one ampere/second. 


SOLUTION OF PROBLEM 9. 


ا اا لا мым‏ 


Г, = 12. -150x001/10 = 0.15Н 


Now , = Lo dI --10-(-10) - 204 


е, = 0.15 x 20x 20/0/01 = 3007 


SOLUTION OF PROBLEM 10. 
_ NI _3000x0.5/0.2 = 75004T/m В-05МЬ/т? 
` (8) Now B 05 661x105 E Im Also n, = Bl uH = 6.67х10°° /4л x10 = 53 
H 750 - dio шы = 
(b) z _ NO _ 3000x z x (0.02)" x05. 0.94H 
I 4x0.5 
2 
e, = N 7 Volt ‚ db — 9094 of orignal flux = 09x200) хор = 0.457 x10 Wb 


dt= 0.001 second e, = 3000 x 0.457 x 107* /0.001 = 4247 = 3000 x 0.4571 x 10~/0.001 = 
424V 


Solution of problem. Ll. 


фе м = = N (BA) = NAT henry =1000 x 20x107* (1.41) (9 — 4) = 0.16H 





Now, e, = г<; di =(9-4)=54,dt=0.05s е = 0.16x5/0.05 = 16V 
SOLUTION OF PROBLEM 12. 
„= М 1 5090x107 =0.5H; Induced e.m.f. = sits oo] = 500V 
I dt 107 
"t 10" 


" 3x051 = 0.257 


The energy stored in the coil is = = . 
i 





ons Бу Сап сї 


\ 


ws awn ММ 


A 








= Ж ELECTRICAL MACHINES 1 5% HOME WORK. „МВ 
FALL - 2013 | Dr. MUSTAFA AL-REFAI 
= = ي‎ ġġ m a iS т“ dd 
When the capacitor is connected, then the voltage developed would be equal to the p.d. developed 


across the capacitor plates due to the energy stored in the coil. If V is the value of the voltage, then 


cv? == ;3x10x10°7? = 0.25 or V = 224volt 





























SOLUTION OF PROBLEM 13. 


N? 1000? 
a L mmm an са 
(a) rey lH 
] 


(1) Energy stored = zin яз x1x5? 212.5J 
(ii) Voltage applied across coil 
= self-induced e.m.f. in the coil = г< = 1х 200 = 2007 


(b) Though there would be additional energy loss of 5?x2 = 50 W over the coil resistance, 
energy stored in the coil would remain the same. However, voltage across the coil would increase 
by an amount = 5x 2 = 10 V ie. now its value would be 210 V. 


SOLUTION OF PROBLEM 14. 
Formula used M = s ‚ Flux produced in X = 0.5mWB = 0.5 х 10° Wb 


1 





“8 
Flux linked with Y =0.5x107 x0.8 = 0.4x10°Wb ; M = 10000.410 = 0.08H 


SOLUTION OF PROBLEM 15. 
The two cases (a) and (b) are shown in Fig. 7.12 (a) and (b) respectively. 
(a) Let I, be the current flowing through the solenoid. Then 


B-gu,H-g,N/I-2500u,]I, Wb/m' 
Area of search coil A, = 255 x107* 216zx107* т? 


4 
Flux linked with search coil is 
Ф = BA, = 2500,1, x16z х107 215.791, x10 * Wb 
_ N,b 120х15.391, x10% 


М-«--<-------------1.6 " 
I Т 95x10" H 


(b) 'Since the field strength outside the solenoid is negligible, the effective area of the search coil, 
in this case, equals the area of the long solenoid. 


c T 
А, 2 —x10? x10* =—x107 m? ; 
А х10 х10 m°; 


Ф = ВА, = 25004, Vu 107 = 24.687, x10 Wb 


А 1 
* Р 1 
Бр! * = Fr ; 
56744 $33 а ыы Taco 
үс 85; ` PK і 
X h $$ £ ; ў on d 
м. Gt Y А 
аы МЕ 4 
Sy r 
mm i 
р E d 


i 
әй 
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М _ e = 2.962x10 3H 
1 


SOLUTION OF PROBLEM 16. 
-3 
(i) Inductance of the first coil = = = goo =0.15Н 


di 6-0) _ wn 
TETT 


— = 0.15 х د‎ 
dt x10 


-3 
(iii) XT s -01H 
' 


(ii) e.m.p induced e, = L 


SOLUTION OF PROBLEM 17. 
L =N,®,/1, =150x 0.01/10 20.15 H 
e = Lxdil dt =0.15x{10—(-10)|/0.1=1=30 V 
M = №,Ф11, 2100x0.01/10 —0.1 H 


SOLUTION OF PROBLEM 18. 
Formula used : "-—— Н.М, 30; N, = 600;А = 100х107* 2107 m? ,1 22m 
ГІ ol, A 
M = mu, ANN, 1 Az x107 x 2000x107 x 30 x 600/2 = 0.226 H 

d 1,=20-0 = 20 A; dt =0.02 8;е,, = Mal, | dt =0.226x20/0.2 = 226 V / 
LUTION OF PROBLEM 19. | 

Coefficient of mutual induction between the two coils is M = М,Ф,/1, 

Flux linked with coil B is 30 per cent of 0.2 Wb i.e. 0.06 Wb 

; M^ 1200 x 0.06/5 = 14.4 H 


Mutually-induced e.m.f. in coil Bis ё, = Mal, | dt 









A i 


=144x2 -28.8 V 
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PROBLEM 1. = ! | 
Two identical 750 turn coils А and В lie in parallel planes. А current changing at the rate of 1500 
A/s in A induces an e.m.f of 11.25 V in B. Calculate the mutual inductance of the arrangement. If 
the self-inductance of each coil is 15 mH, calculate the flux produced in coil A per Ampere and the 
percentage of this flux which links the turus of B. DOR 
PROBLEM 2. | it 
Two coils А of 1200 turns and B of 1600 turns, lie in parallel planes 50 that 6096 o flux produced in 
A links coil B. it is found that a current of 5 A in А produces a flux of 0.6 mWb while the same 
current in B produces 0.8 mWb. Determine (i) mutual inductance and (ii) coupling coefficient. 
PROBLEM 3. 
Two magnetically-coupled coils have a mutual inductance of 32 mH. What is the average e.m.£f. 
induced in one, if the current through the other changes from 3 to 15 Ma in 0.004 secozd? Given 
that one coil has twice the number of turns in the other, calculate the inductance of each coil. 
Neglect leakage. 
PROBLEM 4. 
Two coils, A and B, have self inductances of 120 H and 300 ИН respectively. A current of 1A 
through coil A produces flux linkages of 100 и Wb turns in coil B. calculate (I) the mutual 
inductance between the coils ( ii ) the coupling coefficient and ( iii ) the average e.m.f. induced in 
coil B if a current of 1A in coil A is reversed at a uniform rate in 0.1 sec. 
PROBLEM 5. 
Two coils with a coefficient of coupling af 0.5 between them, are connected in series so as to 
magnetize (а) in the same direction (b) iu the opposite direction. The corresponding values of total 
inductances are for (a) 1.9 H and for (b) 0.7 H. find the —self — inductances of the tow coils and the 
mutual inductance between them. 
PROBLEM 6. 
The combined inductance. Of two coils connected in series is 0.6 H or 0.1 H depending on the 
relative directions of the currents in the coils. If one of the coils when isolated has a selt — 
inductance of 0.2 H, calculate (a) mutual inductance and (b) coupling coefficient. 
PROBLEM 7. 
Two similar coils have a coupling coefficient of 0.25 When they are connected in series 
cumulatively, the total inductance is 80 mH: calculate the self inductance of each coil. Also 


calculate the total inductance when the coils are connected in series differentially. 
PROBLEM 8. | 


Two coils with terminals T,, T , and T ;, Т, respectively are placed side by side. When measured 
separately, the inductance of the first coil is 1200 mH and that of the second is 800 mH. With T, 
joined to T,, the inductance between T , and T , is 2500 mH. What is the mutual inductance between 
the two coils? Also determine the inductance between T , and T , when Т, is joined to T , . 
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2. a = of two coils, A and B, when connected in series, ia 0,5 Hor 0.2 Н, реа 
on the relative directions of the current in the coils, Coil A, when isolated from coll B, has a seit? 
inductance of 0.2 H. Calculate | 
(а) The mutual inductance between the two coils (b) the self-inductance of coll B 
(c) The coupling factor between the coils. | 
(d) The two possible values of the induced e.m. f in coil A when the curre 
per second in the series circuit. 








nt is decreasing at 1000 A 


PROBLEM 10. a 
Two coils of inductances 4 and 6 Henry are connected in parallel, If their mutual inductance is 
Henry, calculate the equivalent inductance of the combination if (i) mutual inductance assists the 
self — inductance (ii) mutual inductance opposes the self- inductance. 





x PROBLEM 11. 

A source which can be represented by a voltage source of 8 V rms in series with an internal 

resistance of 2 КО is connected to а 50-Q load resistance through an ideal transformer. Calculate the 
value of turns ratio for which maximum power is supplied to the load and the corresponding load 
power? Using MATLAB, plot the the power in milliwatts supplied to the load as а function of the 
transformer ratio, covering ratios from 1.0 to 10.0. | 


PROBLEM 12. 

A. 460-V:2400-V transformer has à series leakage reactancs of 37.2 Q as referred to the high’ 
voltage side. A load connected to the low-voltage side is observed to be absorbing 25 kW, unity 
power factor, and the voltage is measured to be 450 V. Calculate the corresponding voltage and 
power factor as measured at the high-voltage terminals. 


PROBLEM 13. | 
The resistances and leakage reactances of a 30-kV A, 60-Hz, 2400-V:240-V distribution transformer 


are 


R,20.68Q Е = 0.0068 Q 
Xn =7.8 0 Хь = 0.0780 9 


where subscript 1 denotes the 2400-V winding and subscript 2 denotes the 240-V winding. Each 
quantity is referred to its own side of the transformer. 
a. Draw the equivalent circuit referred to (i) the high- and (ii) the low-voltage sides. Label 
the impedances numerically. 
b. Consider the transformer to deliver its rated kVA to a load on the low-voltage side with 
230 V across the load. (i) Find the high-side terminal voltage for a load power factor of 
0.85 lagging. (ii) Find the high-side terminal voltage for a load power factor of 0.85 
leading. : 
c. Consider a rated-kVA load connected at the low-voltage terminals operating at 240V. 
Use MATLAB to plot the high side terminal voltage as a function of the power-factor 
angle as the load power factor vuries from 0.6 leading through unity power factor to 0.6 
pf lagging. 


қ . | pror d 
/ рлы челинин мишдир ынай) килоны» VERA P4 ctr n stet t ttn 
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PROBLEM 14. | | 
A single-phase load is supplied through a 35-kV feeder whose impedance is 95 + j360 О and a 35- 


kV:2400-V transformer whose equivalent impedance is (0.23 + j1.27) Q referred to its low-voltage 
side. The load is 160 kW at 0.89 leading power factor and 2340 V. 
а. Compute the voltage at the high-voltage terminals of the transformer. 
b. Compute the voltage at the sending end of the feeder. 
c. Compute the power and reactive power input at the se 





nding end of the feeder. 


PROBLEM 15. 


The following data were obtained for a 20-kVA, 60-Hz, 2400:240-V distribution transformer tested 


at 60 Hz: 
Voltage, Current, Power, 
кс А 
With high-voltage winding open-circuited 240 1.038 122 
-- With low-voltage terminals short-circuited 61.3 8.33 257 


a. Compute the efficiency at full-load current and the rated terminal voltage at 0.8 power 


factor. 
Assume that the load power factor is varied while the load current and secondary terminal voltage 
r which the regulation 


are held constant. Use a phasor diagram to determine the load power factor fo 
is greatest. What is this regulation? 





PROBLEM 16. - 
A three-phase generator step-up transformer is rated 26-kV:345-kV, 850 MVA and has a series 
base. It is connected to a 26-kV, 800-МУА generator, 


impedance of 0.0035 + j0.087 per unit on this 
which can be represented as a voltage source in series with a reactance of j1.57 per unit on the 


generator base. 
(a) Conveit the per unit generator reactance to the step-up transformer base. 
(b) The unit is supplying 700 MW at 345 kV and 0.95 power factor lagging to the system at the 
transformer high-voltage terminals. 
(i) Calculate the transformer low-side voltage and the generator 


reactance in kV. 
(ii) _ Find the generator output power in MW and the power factor. 


internal voltage behind its 


: : 4 
Cum» Lu ute NET ИИИ э T 
ege * 
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e= 
Now, ем = Mal, / dt 


M = — „11-22 75х10 H =7.5 mH 
di, /dt 1500 





МФ Ф, L 15х107 -5 
Lm ol а m = 2x107 Wb/A 
PTT i, N 150 
* { = 
NOW k= М. „15010 миш" = 0,5 = 50% (.' ^ E Ls ез L) 
а 15x107 
EM 2. 
(i) Flux/ampere in A =0.6/5=0.12 mWb 
Flux linked with B = 0.12х0.6 20.072 mWb 
«^ М-«0.072х107 x16000 21.15 H 
Now 1 = SOS 2150x10? H - 1, = TOO = 256x107 H 
(ii) k = MILL, 2145141.5x2.56 =0.586 


Note . We could find k in another way also . Value of k, = 0.6, that of K, could also be found , 


` then k= КК, 
SOLUTION OF PROBLEM 3. _- | | 
M =32x10°H; dl, 215-3212 m A-12x10? A ; dt —0.004 second 


-i -3 
Average e.m.f. induced = M dh _ 32x10 x12x10^ 
dt 0.004 
Now L -uQN'AlD-kN* where . Е= д,А/1 (taking 4, =1) 
(2М) A Ы 2kN? а | 
тор 2kN , —- = a = 
ый ы, ы” 


Now M= LL, =.2L xL -32 , L 232/42 -164/2m H; L, = 2x162 2324/2 m Н. 


=96x10 V 





SOLUTION OF PROBLEM 4. 


i _ flux — linkages of coil B _ 100x10% 
0) current in coil A 1 Ери 
-6 
б) ek, o ЛОО 


ZI Vi20x10*x300x10° 7 
(іі) е, = M x di/ dt = (100x10°6)x 2/0.1= 0.0027 ог 


2mV. 
SOLUTION OF PROBLEM 5, 
(а)  LsL*L,42M or 19=L +L, «2M ID 
(0) Here L=L +L -2M or 07= L + L, -2M ...(üi) 
+ be т ss 





Ite Ex 
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FA Substracting (ii) from (i), we get 
1.2 = 4 M " M =0.3H 


Putting this value in (i) above , we get L +L, 21.3 H ...(iii) 
We know that , in general, М =k LL; 
y Lll = 06 SOLL, = 0.36 
с From (iii), we get (L + L,)! - ALL, = (L, -L 
...(1У) 


(L, - L,) 2025 or І, — L, = 0.5 
From (iii) and (iv), we get L,-0.99H аай 1,-04Н 


SOLUTION OF PROBLEM 6. 3 
(i) L=L +L, +2M or J.6 = L, + L, +2M ...)1( 
and 0.1=L+I,-2M ` ... (ii) 


(a) From (i) and (ii) we get, M = 0.125 H 
Let L, =0.2H, then substituting this value in (i) above , we get L, 20.15H 
(b) Coupling coefficient k = M HILL, = 0.125/-/0.2х0.15 = 0.72 


t . 


` SOLUTION OF PROBLEM 7. 
If each coil has an inductance of L henry , then L =L, =L ;M=k.LL, =kV/LxL=kL 
When connected in series cumulatively , the total inductance of the coils is 
=L +L,+2M =21+2М = 20+2kL -2L(14- 0.25) = 2.51 
25-80 ог L=32 mH 
When connected in series differentially ; the total inductance of the coils is 
=L +L, -2M =2L-2M = 2L -2kL -2L( - К) 2 2L(1— 0.25) 
21х0.75= 2х32х0.75 =48 m H 





SOLUTION OF PROBLEM 8. 
І, =120 mH, L, -800mH | 
Fig. 7.15 (a) shows additive series . 
L-L,*L,*2M 
or 2500-1200:-800:2М ;  M-250mH 
Fig . 7.15 (b) shows the case of subtractive or opposing series. 
L=L *L,—-2M -1200--800-2х250- 1500 m H 





Here, 


SO ON ROBLEMO. 
(а) Combined inductance is given by L = L, + L, + 2M 
n~ 05-1,%1,%2М ..(), 02= 1+1, -2М ...(ii) 
Subtracting (ii) from (i) , we have 4M = 0.3 or M = 0.075 H 
(b) Adding (i) and (ii) we have 0.7 = 2x0.2--21, ; L, = 0.15 Н 
(c) Coupling factor or coefficient is k = M/4 L,L, = 0.075/4/0.2x0.15 2 0.433 or 43.3%. 
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= а= — 
di di 
d = L — t М — 
© ал а 


= (0.2 + 0.075)х1000 =275 V 
- 0. 2-0.075)х1000 2125 V 


SOLUTION OF PROBLEM 10. 





L.L, - M° 4х6-3 15 


(i) fuh rd mc =u 
L + L, -2M 4+6—2х3 4 
е 1,- М? 24-9 15 
(1) Bau л. ET =0.94 H (approx. 
ur 16 16 bepress 


SOLUTION OF PROBLEM 11. 
For maximum power transfer, the load resistance (referred to the primary) must be equal to the 


source resistance. 
м.ү . pen. 
N, 50 
р? у? 


The primary current: J, = m — Power supplied to the load: Дш = REIR Am аи - AR = 83 mW 


2 
М = F V. V. 
i“ For a general turns ratio n: ĮI =—— سک‎ = RA = RI =n ?R 
F. е i ' R+R R,+mn°R, wP = [x2 +R, =) 











SOLUTION OF PROBLEM 12. 





Pad 
V uod 


460 


Secondary current: 1,- „Бе =55.55A => Primary current T, = 2400" 55.55 210.65 А 


Primary voltage: y, =(j37 2)1, 4 V; з= „т x45022347.8 V 





=> V= (737. 2)1, +V; = (737. 2)х10. 65 +2347.8 = 2347.8 + j396.18 = 2381.09.58 V 
Power factor at primary terminals: cos(?. 58°) = 0.9861 lagging. 


SOLUTION OF PROBLEM 13. 








(a) 
(1) referred to the HV side 


нелер AN 0.68 Q n m ms ne оба лап 


Wie andikien. à + skh 
+ " + 
V. Үн 
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(b) Load current referred to the HV side: Iroa = Га 


Кы = Zyl yea +V,, =(95+ j360)x 52683/2713 +3371 + /1384 = 33.286 + j3.3 kV 


| |=3345 kV 
SOLUTION OF PROBLEM 15. 
(a) Rated current on the HV side = 20 КУА / 2400 = 8.33 A. Therefore, total 


load current: 
Рү= 122 + 257 = 379 W. Load power at full load, 0.8 pf = 0.8 х 20 kW = 16 kW. Theron 
input power = 16 + 0.379 = 16.379 kW => efficiency = (16 / 16.379) х 10096 = 97.7 %. 


power loss at full 


(b) The equivalent impedance of the transformer: Zan = Reg Хан 


p. 251. 
Б 2.235 5439 |z |= = 7.362 
Rt г 83» 2 І. 833 


=> Хан = (2, uY - Qué) =636 О 


Let load current and voltage referred to the HV side: Vy, =V Z 
V Ve +Z, 1 =V +|Zeqln| 2(0 + ¢, =V +722 


=(V +V,cosa)+ ЈУ, іда 


|= MV +V, cosa)” + (V, sina) = үу? -2VV, cosa +V. 
Zl = al JV? + 2VV, cosa +V -=y W, cosa Vj "о! 
Н-Ра) NP Oeo S Joel 
V V y # s 
i { 


0 I,=IZ0 
V, D |Z In| and 20 Ө+ф, 


anm rmm n 


Regulation — 
үн! 


Therefore, regulation is maximum when cosa is maximum 


X 
—cosgzl = «2046-20 > g=- cta (t - ar 





Maximum regulation: T 
V, 2736x833 6131 V 
When a -0 V, =V +V, > Regulation = J = 2177. = 0.026 =2.6% 
SOLUTION OF PROBLEM 16. 
(2) On the | transformer base 
dili ven E OE, (4) = 1.668 pu 


equivalent circuit: 


(b) Per-unit " 
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Transformer low-side voltage and generator internal voltage: 
Иан = 345 KV, И 26 kV, VA, = 850 MVA 
V, =1.020° pu. | 
700 VA 850 ү 
|=- КА=1233КА_ шн” — = kA =1. 
Ы \/3 х345х0.95 Ми жа `В x345 
1.233 
I |=———— =0.8668 pu. /, = 0.86684 –18.2' pu. 
| 4 14225 рч , = 0.800 1 pu 
700 


|2.) .— P „.0:8233 0,8668 pu. 
"м (Val e088 1х0.95 
V, =V,, 4 (0.0035 + /0.087)1, 21.0264 + j0.071 pu. = 1.0289.23.94° 

= |V,|=1.0289 pu. = 26.75 kV | 


E, = V, +(J1.668)1, =1.478 + 1.4442 pu. = 2.0664.244.34" pu. [E;| = 262.0664 = 53.73 КУ 


OR P= = 0.8235 pu. 
850 е = 


Generator output power (at its terminals) 


$ =; 1.0289 23.94" х0.866818.2' = 0.8261+ /0.3361 pu. 
Р, = 0.8261х850 = 702.19 MW | 
4.0.3361 

0.8261 





power factor = cos(tan ) = 0.9263 lagging 





Scanned by CamScanner 


